Evaluation and measurement of science emerged in the world, because it has always been assumed that science could help the health and welfare of the inhabitants of the earth. Identifying the most important individuals, institutions, universities and academic activities related to scientific production promotes collaboration and the exchange of information in various fields of science. The scientific community consists of producers, consumers, and scientific sources. Scientific cooperation plays an important role in promoting quality and quantity of scientific productions. The new results of research will be an accumulation of previous research and outcomes of the new research; the new research is then put into the body of scholarly knowledge.
Introduction
Evaluation and measurement of science emerged in the world, because it has always been assumed that science could help the health and welfare of the inhabitants of the earth. Identifying the most important individuals, institutions, universities and academic activities related to scientific production promotes collaboration and the exchange of information in various fields of science. The scientific community consists of producers, consumers, and scientific sources. Scientific cooperation plays an important role in promoting quality and quantity of scientific productions. The new results of research will be an accumulation of previous research and outcomes of the new research; the new research is then put into the body of scholarly knowledge.
Researchers use formal and informal scholarly communication. Formal communication includes or consists of published materials that have been reviewed by peers such as scholarly journals. Informal scholarly communication can be meetings, calls between researchers, and pre-and post-prints. Garvey (1979) states, "communication is the essence of science." Abelson as cited in Lacy and Busch believes that, "without communication there would be no science" (1983, p.193) .
Besides the publication of scholarly articles, collaboration is very important in the scientific community, and one of the forms of collaborations is co-authorship in which two or more authors collaborate to create scientific work. In recent years, factors such as specialization and the growth of interdisciplinary research have prompted researchers to cooperate with each other. Because of the nature of fields and the differences among them, scientific collaboration and cooperation in various fields of science are different. In some fields, the need to have access to laboratory facilities, materials, and manpower in a research project is so great that some people travel to other countries or regions to use their facilities and work with other scientists. In these cases, co-authorship is a natural result of collaboration.
Some research studies visualize the co-authorship network by using software. Co-authorship creates a link between two or more authors, and these links form networks. These networks contain very important information about authors, and the authors' collaborative patterns, as well as the authors' status in the structure of networks.
There are four kinds of networks: social networks, information networks, technology networks, and biological networks (Newman, 2003) . Co-authorship networks are a type of social network. Scientometric studies analyze the ranking of the people in a social network, looking for the importance of the people or the centrality of them (Chakrabarti & Faloutsos, 2006; Getoor & Diehl, 2005) .
There are studies that have examined co-authorship in various methods, for instance, investigating writing patterns and producing qualitative papers (Durden & Perry, 1995; Vimala & Reddy, 1996; Maske et al., 2003; Englebrecht et al., 2008; Cho et al, 2010) , surveying the relationship between co-authorship and international collaboration (Frenken et al., 2005; Kim, 2006) , and visualizing co-authorship networks by using scientometric software (Braun et al., 2001; Acedo et al, 2006; Chakrabarti & Faloutsos, 2006; La Rowe et al, 2007; Qi et al, 2008; Gossart & Özman, 2009; Lu & Feng, 2009; Velden et al., 2010) . These authorship networks include important information about the authors and can indicate patterns of collaboration and the situation or placement of authors in the structure of the network. The main objective in the analysis of social networks is the ranking of people in the social network.
Studies of co-authorship in Iran have been published. For example, Hassanzadeh et al., (2009) and Hayati and Didgah (2010) studies focused on clarifying scientific collaboration in all fields of science and explored the relationship of collaboration to citation. Additional studies focused on the relationship of collaboration with the geographical location (Velayati, 2008; Didgah & Erfanmanesh, 2009 ). Rahimi and Fattahi (2008) used a questionnaire to examine co-authorship among faculties of a university. Osareh & Wilson (2002) studied Iranian articles in SCI for periods of 1995-1999 and 1975-2002 . Their study indicated that Iranian authors collaborated most frequently with authors in the United States.
Some studies have explored the reasons and motivation behind collaborating in scientific fields. For example, Harirchi et al. (2007) , in an exploratory study, investigated the patterns of collaboration among Iranian researchers in Biology, Chemistry, and Physics. The main collaborative motives behind coauthorship were identified and described. Among those mentioned were sharing laboratory devices, accessing knowledge, and increased efficiency of the study at hand. It is clear that emigrated Iranian scientists play an important role as collaborators and probably also as links to the international scientific communities as a whole. Cultural factors mix scientific and work-related ones. Other results showed that international collaborations are very low among Iranian researchers.
In analysis of co-authorship networks of the Iranian researches, Hassanzadeh and his colleagues looked at 625 documents from Iran Medical University in the Web of Science database up to 2007. Their results indicated that in five different fields, just three authors wrote their papers individually, which reflects the high willingness of authors to collaborate with others (Hassanzadeh et al., 2009 ). Pashootanizadeh a n d Osareh (2009) analyzed citations from 2000 to 2008 and visualized scientific maps of agricultural. They tried to determine core institutes and authors, contributions, core journals, growth rate of scientific productions, the format, and language of the documents. Hariri and Nikzad (2011) 
Methodology
This study is a descriptive approach with scientometric method. The population of this research comprises documents produced by SUT authors and indexed in Web of Science (WOS) during 2005-2010. Data were gathered from ISI Web of Science (WOS) database on July 17, 2011 based on the following query: "AD=Sharif Univ Technol AND PY=2005-2010." There were 4378 items (including articles, papers from proceedings, abstracts, etc.) retrieved. Each of the items was categorized according to Web of Science (WOS) subject categories. Following the work of Batagelj & Mrvar (2009) , HistCite and Pajek software were used to identify the most cited and affective work and to visualize the co-authorship networks. Two indexes, Local Citation Score (LCS) and Global Citation Score (GCS), were calculated. LCS index consists of citations in the collection to the author, and GCS index is citations in Web of Science to papers by author in the collection.
The proportion of co-authored publications to the single-authored publications was calculated using the following formula:
No. of Single-authored publications + No. of Coauthored Publications
According to Sutter & Kocher (2004) , a ratio greater than 0.5 indicates more co-authored than single-authored publications, and a ratio of less than 0.5 indicates more single-authored than coauthored publications. The density (the ratio of the number of actual edges to all possible edges in graph with the same number of nodes) of each network was calculated to find which networks are dense and which are sparse.
Density is between m n(n-1)
where m is the number of links or lines and n is the number of nodes or vertices in each network (Hariri and Nikzad, 2011) .
Results

R1. What is the number of scientific publications per year from 2005 to 2010 in SUT and what is the trend of growth of the scientific products during that time?
The total number of papers in the Web of Science (WOS) database by researchers of Sharif University of Technology (SUT) was 4378. As indicated in Figure  1A , there was growth in the number of scientific publications from 403 works in 2005 to 1048 works in 2010. Figure1A. The number of scientific publications in SUT; Figure 1B . The pattern of growth of scientific products in SUT.
In order to calculate trend of growth of the scientific products in SUT, the following formula was used:
Where PR = percent rate, V Present = present or future value and V Past = past value. The geometric mean is used to calculate the average annual growth rate of works in this period. Results showed that this rate was 32 percent; as previously mentioned, there are breaks in the growth of publications in some years.
R2. What types of documents and in what language are the scientific products from SUT?
The results of the analysis of the type of documents showed that the documents were in seven different formats. As expected, articles were the most frequent type of format with 4085 titles; proceeding papers were the next highest in frequency with 183 titles, and also had the most citations according to LCS and GCS indices (Table 1) . The analysis of documents indexed in ISI showed that SUT's researchers collaborated with 59 countries. 
R5. What universities and institutes have collaborated with SUT?
The data indicated that 1017 institutes and universities were contributors to the items retrieved. T he five most active contributors after analysis based on LCS and GCS are found in Table 5 . Islamic Azad University is the highest ranked.
R6. Who are the most productive and effective researchers in SUT?
Results suggested that from 2005 to 2010, 5562 works from researchers in Sharif University were indexed in Web of Science. The five researchers ranking the highest in records and according to the two indices found in Table 6 . Haeri (69 titles), Simchi (69 tiltles), Pourjavadi (65 titles), Zad (56 titles), and Akhavan (53 titles) were the most productive authors. The most effective authors according to LCS index were Haeri, Tavazoei, Jafari, Alasty, and Ahmadian and GCS index were Saidi, Azizi, Simchi, Akhavan, and Shahokhian, respectively.
Table 5. The top five Institutions participating in the production of Scientific Publications in 2005-2010.
Notes: (A) The top institution participating in the production of scientific publications based on a number of papers; (B) The top institution participating in the production of scientific publications based on a LCS index; (C) The top institution participating in the production of scientific publications based on GCS index.
Table 6. The most productive and effective authors in SUT (top 5).
Notes: (A) Core Journals publishing SUT's scientific products based on a number of papers; (B) Core Journals publishing SUT's scientific products based on a LCS index; (C) Core Journals publishing SUT's scientific products based on GCS index.
R7. What is the distribution of citations per paper?
An analysis of the citations used by the researchers allows us to determine the dissemination of their scientific ideas and influence on other researchers that used them as a source of knowledge and new ideas (Osca-Lluch et al, 2009 (Figure 2 ).
R8. What is the publication pattern from 2005 to 2010 of single authors, two authors, or three or more authors at SUT?
For the purpose of determination of writing patterns, author field in Web of Science (WOS) database was searched and data were classified into three groups-one author, two authors, and three or more authors. 
R9. What is the proportion of single and co-authored publications of researchers of SUT?
Papers with at least two authors or more are considered as collaborative. Results showed 96.2 percent of productions were co-authored and only 3.8 percent of them were single authored publications (Figure 4) . Using the co-authorship ratio formula, the proportion of coauthored productions to single authored publications was determined to be 0.96 percent, which indicates that the number of co-authored productions is more than single authored productions in these periods in SUT.
R10. What is the nature and the structure of coauthorship networks of SUT's scientific products?
A network is called "sparse" if the number of lines in the corresponding graph is of the same order as number of vertices. Networks are called "dense" if the number of lines is much higher than the number of vertices (De Nooy et al., 2005) . It should be noted that drawing the network for subjects including chemistry, physics, mathematics, electrical engineering, and computer engineering were not provided, because of the high number of data and software limitation in data analysis. Therefore, these subjects were divided into sub-categories. In total, according to the subject categories of Web of Science (WOS), 25 subjects were determined, and each of them was illustrated co-authorship networks.
Co-authorship networks of 25 subjects were visualized but only the five networks with high density are shown. The co-authorship networks of five disciplines are illustrated in Figures 5-9 . In these networks, vertices (nodes) represent authors, the size of vertices (nodes) are the number of productions they have authored. Lines or links showed the links of the author, and the thickness of links represents the number of coauthor events. Figure 5 shows one large authorship component and five smaller but still significant authorship components, in which Jalali, Parastar, Shahrokhiyan, and Gholikhani have the most co-authorship connections with others. In Figure 6 , there is one large component and Soltanie and Pourjavadi have the most co-authorship connections with others. Figure 7 has one larger component and three rather large components, in which Saidi, Azizi, Moghadam, Taheri, MirJafari, and Hashemi have the most co-authorship connections with others.
There are two large components in Figure 8 in addition to six other rather large components, in which Tabar, Sadeghi, Ejtehadi, Darbandi, Jafari, and Zobdeh have the most co-authorship connections with others. Figure 9 shows has one large component and three additional large components and Akbari, Ghorbani, and Hatami have the most co-authorship connections with others.
Figures 4-9 are found on the following pages. Table 7 shows the results of the analysis (number of vertices, lines, density, and degree of vertex) in 25 subjects. It should be noted that the degree of a vertex is the number of lines incident with it. Vertices with high degree are more likely to be found in dense sections of a network (De Nooy et al., 2005) . As shown in Table 7 , civil engineering has the largest number of nodes (237) and physics applied has the highest number of links (870) Of the 1017 universities and institutes that collaborated with Sharif University, there were five that were most active. Azad Islamic University ranks the highest. It is speculated that the following types of collaborative activities between the faculties of Sharif University and Islamic Azad University are reasons for their ranking: teaching, guiding theses, and research projects. In addition, one could infer that the collaboration among faculty of one institute (the writers of articles are in one institute, organization, or university) and multi-institutional collaboration (at least one of the writers are from another organization, institute or university) have a higher rank and international collaboration has the lower rank. It seems that using the experiments and guidance of international institutes and making contracts can develop and promote international researches in Sharif University. Durden and Perri (1995) , Vimala and Reddy (1996) , Englebrecht et al (2008) , Maske et al., (2004) , and Durden and Gaynor (2003) confirmed that co-authorship has led to increased production of articles and cooperation is growing dramatically. The following are factors that the literature reports as leading to coauthorship: reducing the costs of technology and communication, using the knowledge and facilities of others, increasing productivity, increasing the probability of acceptance of articles in journals, and increasing visibility.
Civil engineering had the largest number of nodes and applied physics had the highest number of links among the 25 subjects. The results indicated that analytical chemistry, polymer science, and organic chemistry had the highest density. Organic chemistry, physical chemistry, and physics fluids plasma had the highest average number of links connected to a vertex (degree of vertex) of links according to vertex index.
It is expected that this paper will provide the financial authorities at Sharif University with reason to give research committees appropriate facilities and budget for more faculty projects. It is proposed that the university provide possibilities for the exchange of knowledge between universities, both inside and outside of the country. Additionally, faculty would benefit from training practices that focus on writing scientific papers, increasing familiarity with databases, and increasing their familiarity with foreign languages; this should be done in order to increase the production of scientific projects.
